ABSTRACT: Four helminth parasites out of 19 species found in the Liibeck Bight, Baltic Sea, were chosen for investigations on the transfer from invertebrate to small-sized fish hosts: larvae of the tapeworms Schistocephalus sp. and Bothriocephalus sp. (Cestoda) living in planktonic copepods as primary hosts; Podocotyle atornon (Digenea) and Hysterothylacium sp. (Nematoda) were found in benthic crustaceans, especially Garnmarus spp. These hosts were the prey of 3 gobiid fishes, Gobiusculus flavescens (feeding mainly on plankton), Pornatosctn'stus minutus (preferring benthos), and P. pictus (feeding more on plankton than benthos). Because the fishes selected smaller sizes of crustaceans, they ingested all stages of the copepods but only the smaller-sized groups of gammarids which were often less infested by parasites. In order to evaluate the probability for a fish to be parasitized by a helminth, an infestation potential index (IP) was calculated. Podocotyle atomon and Hysterothylacium sp. revealed an IP which was far lower in gobies than expected when the prevalences of the previous hosts were taken into consideration. The IP of tapeworm larvae was mainly influenced by the feeding pressure of the gobiid predators, which might change with developmental stage and season. It is concluded that parasite transfer to the next host decreases when sizes of prey and predator differ only moderately. This mechanism can reduce the numbers of parasites transferred to less suitable or wrong hosts.
INTRODUCTION
Parasites are important components in marine coastal ecosystems. Many helminths present complicated life cycles, infest different hosts and, therefore, change their habitats several times. This biological characteristic can cause transportation from the water column to the bottom, or even from aquatic to terrestrial habitats (Odening, 1974; Reimer, 1983) . The parasite communities in their respective hosts have increasingly become objects of research (Esch et al., 1990) . First Esch et al. (1975) developed an hierarchical concept for parasite populations. Three levels of parasite communities were fixed: infracommunity in a single host, component community in a host population, and compound community in a host biocoenosis. The analysis of component communities helps in identifying important parasites. The flow of parasites through several hosts is the main object of compound community research (Esch et al., 1990) . The hosts are either directly infested by active larval stages (e.g. cercariae in Digenea), or by intermediate hosts, which are preyed*upon together with passive larval stages (e.g. pro-or plerocercoids of Cestoda, metacercariae of Digenea, larvae of Nematoda, acanthellae of Acanthocephala).
The transfer of larval parasites to the fish hosts became plausible when several authors investigated the single-host levels and their prevalences (MacKenzie & Gibson, 1970; Reimer, 1970; Koie, 1979 Koie, , 1983 Zander et al., 1984) but there is still a lack of results about fishes or birds feeding on infested preys. Snarls, planktonic and benthic crustaceans, as well as gobiid fishes of the Liibeck Bight (western Baltic Sea), harboured at least 19 species of digeneans, cestodans, nematodes, and acanthocephalans (Zander et al., 1993) . The aim of this investigation was to elucidate their life cycles and host changes. In order to calculate probabilities of infestation and losses during the process from one host to the next, two pathways of parasite development were chosen: the prey-predator systems of copepods and fishes for Cestoda, as well as gammarid crustaceans and fishes for Podocotyle atomon (Digenea) and Hysterothylacium sp. (Nematoda). The presentation of the whole helminth fauna of crustaceans from the Lfibeck Bight is included in order to get information about the relative importance of the single parasite species.
MATERIAL AND METHODS
The investigations were performed in 1989 and 1990 off Dahmesh6ved, Lfibeck Bight, where salinity fluctuated between 9 and 15 %0 (Zander et al., 1993) . All the material was sampled (mainly by SCUBA dives) very close to a stony pier. The gobiid fishes Pomatoschistus minutus (Pallas), Pomatoschistus pictus (Malta), and Gobiusculus flavesceils (Fabricius) were collected in a depth of 3-6 m with large hand-nets, and fixed in 4 % formaldehyde immediately after the diving operation had ended. A total of 461 gobies were sampled. The fishes were dissected for analysing prey components from the intestinal tracts, as well as parasites from the same organ and from the body cavity. The prey was assessed to relevant taxonomic groups and measured with a microsize device to the nearest 0.1 mm allowing it to be arranged into size classes of 2 mm. The parasites were assessed to the species level (Zander et al., 1993) of which the following 4 were chosen for the present studies: Bothriocephalus sp., Schistocephalus sp. (Cestoda), Podocotyle atomon (Rudolphi) (Digenea), and Hysterothylacium sp. (cf. auctum [Rudolphi] ) (Nematoda).
Plankton sampies were obtained every 2-4 weeks from May to November 1989 by pouring in situ 100 1 seawater through a net of 55 ~tm mesh-size. The copepods were selected out of the plankton samples, and transferred into a medium consisting of 70 % ethanol, 25 % water, 5 % glycerine and 1-2 drops of borax-carmine. The parasites then became clearly visible, but could only be identified to the level of larval stages of cestodes or nematodes.
In 1990, the overgrown walls of the pier were scratched with a PE-tube into which the detached aufwuchs of the Mytilus girdle was collected; this included benthic crustaceans. The samples were fixed in 4 % formaldehyde. The potential prey organisms of gobiid fishes -in particular gammarids -were separated from the aufwuchs, identified to the species level, measured as described above in order to arrange them in 2-mm size classes, and dissected in order to find larval hehninths. The following parameters were used (partly according to Margohs et al., 1982) : A b u n d a n c e : the mean number of parasites in all specimens of a host population. I n t e n s i t y : the mean number of parasites in the infested specimens of a host population, P r e v a 1 e n c e : the percentage of the host population which is parasitized. I n f e s t a t i o n p o t e n t i a 1 (IP): the prevalence of prey components in a distinct size class, multiplied with the percentage of organisms of the same size class which were ingested by the predators; the values of every size class when summed up result in the IP of the respective fish host. It expresses the probability of a predator to be infested by parasites present in its prey. A v a i 1 a b 1 e p r e y : the percentage of a size class of a prey component found in the aufwuchs samples. I n g e s t e d p r e y : the percentage of a size class of a prey component found in the guts of predators.
RESULTS

Copepoda
Among planktonic copepods, Acartia bifilosa prevailed over Oithona similis, Eurytemora hirundoides and Centropages hamatus (Table 1 ). Whereas O. similis was not parasitized, the 3 other species bore cestode and nematode larvae (probably Hysterothylacium sp.). Cestode larvae were most abundant in July 1989 (5 % of copepods were infested with oncosphaerae, 8 % with procercoids) (Fig. la) . Lower peaks of infestation were found in April (oncosphaerae only) and October. Prevalences caused by nematode larvae increased continuously until 3 % in summer, but then stopped abruptly (Fig. la) . The population of copepods was low until August but increased extensively in autumn (Fig. lb) . Gobiusculus flavescens fed regularly on planktonic copepods in mean quantities of ca 100. In contrast, Pomatoschistus minutus only fed on this prey component in late summer and autumn (Fig. lb) .
When the copepod prevalences and the feeding rates of fishes were combined, the result was a high potential of infestation (IP) of G. flavescens and also of P. minutus by cestodes at least in October (Fig. 2 ). Abundance and intensity of cestodes must be considered as very low because in general 1 or, at the most, only 2 parasites were found per infested fish host. Benthic crustaceans, especially Gammaridae
Young Garnmarus of less than 4 rnrn size, which cannot be determined to the species level, and Jaera albifrons were the most abundant benthic crustaceans (Table 2) . Garnrnarus oceanicus and G. salinus developed large populations, whereas several Gammaridea species and Idotea balthica were less abundant. Microphallus papillorobusturn was present in 9 hosts; 6 hosts harboured other rnicrophallids, acanthellae or I-Iytherothylaciurn sp., but only 4 Garnmarus spp. harboured the digenean Podocotyle atomon. Idotea balthica was not infested in the investigation area.
The benthic gammarid crustaceans were bigger than copepods and could, therefore, be arranged into several size classes. The gammarids were infested by Podocotyle atornon and three microphalhd digeneans in May 1990 (Fig. 3a) , but the smallest sizes were not parasitized -though they were the most abundant. Prevalences of only 1% were attained by P. atomon in the size classes of 6, 8 and 14 mm, whereas rnicrophallids were spread among single size classes attaining there approx. 0.5 % (Fig. 3a) . The gobies preferred smaller crustaceans of 2 to 6 mm; Pomatoschistus rninutus very occasionally selected some individuals of 8 or 10 mm (Fig. 3b) . Therefore, Gobiusculus flavescens must have accumulated its very large P. atomon populations from the 6-ram size group of the transmitter only.
P. atornon and two of the microphallids vanished in July -but, simultaneously, nematode larvae, which might be Hysterothylacium sp., appeared (Fig. 4a) . Gammarids of a maximal 8 mm were infested by rnicrophallids, but smaller as well as larger individuals harboured nematode larvae. The size distribution of gammarids in July was between 2 and 12ram with a peak at 6mm (Fig. 4b) . Size classes infested with nematodes were ingested by P. minutus, but not by G. flavescens (Fig. 4b) .
The September samples revealed a spectrum of 5 parasite species in gammarids:
Podocotyle atomon, acantheUae and nematode larvae, and 2 microphallid species (Fig. 5a ). Within a size-range of 2-16 mm, the most infested group was 8-ram-large (Fig. 5b) . Whereas lVlicrophallus flapillorobustum attained a highest prevalence of 1.7 %, P. atomon were only present in the 8-ram class with 0.5 % prevalence (Fig. 5a ). Nematoda were found in gammarids of 6-10 mm with only 0.3 % prevalence, acanthellae were only present in the 4-ram group. Among available crustaceans, two peaks in 4-and 8-ram size classes were apparent (Fig. 5b) . Pomatoschistus Rictus fed only on 2-6-ram individuals, whereas P. minutus selected even 10-ram-sized ones. Therefore, P. atomon might only infest P. minutus in this month -if one regards gammarids as transmitters.
All parasites found in September were present in October, except P. atomon (Fig. 6a) . The parasites were concentrated in the 4-to 12-ram size groups, only the nematodes appeared in 6-to 8-mm large-hosts only. The total range of gammarids comprised 2-18 mm; the 4-8-ram classes were preyed on by P. rninutus (Fig. 6b) . Therefore, this goby might be infested by acanthocephalans as well as by nematodes.
The parasite spectrum comprised 5 components in November 1990 (Fig. 7a ). Nematode and acanthocephalan larvae attained prevalences of 0.2-1.0 % in gammarids of 6-16-mm size. However, this sample was dominated by microphaihds attaining a highest prevalence of 5 % (Fig. 7a) . The gammarids ranged from 2 to 20 mm and peaked in the 4-ram group (Fig. 7b) . The gobies selected prey of 4-10 ram, which were simnltaneously the main transmitters of nematodes and acanthocephalans. The size class of 6 ram, which was preferred by Pomatoschistuspictus and P. minutus, was not infested by nematodes (Fig. 7b) .
When the infestation potential (IP) of Podocotyle atomon was compared with the abundances and intensities of 3 goby species, clear differences became apparent (Fig. 8) . The highest indices were 2 % -which means that 50 prey ingestions were necessary to infest P. pictus with a parasite. P. minutus and P. pictus can be infested twice during the year (May, September); therefore, small populations of parasites can be found 2 months later (July, November) in these hosts. In G. flavescens, this infestion potential was lacking, because it did not feed on infested crustaceans in September (Fig. 8) . All 3 fish hosts were extremely infested by Podocotyle atomon in May; this may be caused by the infestations in early spring.
The transmission rates of Hysterothylacium sp. are lower than those of P. atomon. The infestation potential (IP) was, for P. pictus, highest in September (0.8 %), and for P. minutus, in July (0.4 %) (Fig. 9) . Also, intensities and abundances were very low -and not comparable with rates yielded from other fish hosts of this area.
Prey of gobies
The abundance analysis (% numbers) of prey revealed several differences between the 3 goby species (Fig. 10) . Pomatoschistus minutus preferred benthic crustaceans such as harpacticoids or gammarids, but also some calanoids; Gobiusculus flavescens fed mainly on plankton, and to a lesser degree on gammarids, but never on harpacticoids; P. pictus selected plankton, but benthic crustaceans (including harpacticoids) were also important; Idotea balthica was insignificant for all gobies; mussels were only ingested by P. minutus (Fig. 10) . 
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May JuLy Sept. Oct. Nov. May July Sept, Oct. Nov. were the most important parasites of benthic crustaceans in the Lubeck Bight. The course to their final hosts, i. e. birds, could not be pursued in this investigation. Better information on helminth transfer was obtained from the fish parasites. It seems that the values of the infestation potential (IP) are relatively low. The calculation of this index was based only on one stomach filling, with regard to size selection by the fish host. Actually, at higher temperatures, even 3-3.5 fillings per day can be assumed in gobies (Meyer-Antholz, 1986) . By calculation of the reciprocal of IP, the lowest number of stomach fillings necessary for infesting a host by a parasite became apparent. The reciprocals of Cestoda-IP in Gobiusculus flavescens differed clearly in April or October 1989 (513 or 16, respectively) . Therefore, the probability of infestation was higher in autumn than in spring for the two-spotted goby. This also applies to Pomatoschistus minutus. In contrast, intensities of Cestoda were very low in both hosts -as was already found during 1990 -though prevalences of copepods were still higher (Zander et al., 1993) . A large plerocercoid of Schistocephalus sp. can fill up the body-cavity of its goby hosts totally, and allows no competitor. In contrast, as many as four Bothriocephalus sp. plerocercoids which live in the stomachs of gobies can be found (Zander et al., 1993) . A seasonal increase of procercoid prevalences in copepods (Gollasch & Zander, unpubl.) may also increase the infestation rates in the next host -as was found in the brackish Schlei fjord (Zander & Westphal, 1991; Kesting, 1992) . A third tapeworm, Proteocephalus percae (often found in the Baltic), was absent at Dahmeshbved in the Lfibeck Bight.
P. minutus P. pictus
The analysis of the gammarid hosts of Podocotyle atomon and Hysterothylacium sp. emphasizes the importance of prey-size for the infestation of the next hosts. Pomatoschistus minutus selected far smaller gammarids than average from the supply available in the L~ibeck Bight (Zander, 1990) . This phenomenon can be confirmed by the present study, and applied also to P. pictus and Gobiusculus flavescens. Consequently, parasites which infest only gammarids, or other equal-sized crustaceans, have less chance of being transferred to gobiid fishes. Whereas, formerly, only gammarids of at least 9 mm were found to harbour Podocotyle atomon metacercariae in the Liibeck Bight (Zander & Dbring, 1989) , this size-limit has decreased to 5 mm (Zander et al., 1993) . Gammarid hosts infested by Hysterothylacium sp. L3-1arvae measured at least 7 mm (Zander & Dbring, 1989) or 4.5 mm (this study). The isopod Jaera albi[rons which seldom exceeds 4 mm (Zander, 1990 ) already harboured nematode larvae by the time it had reached the size of 1.5 mm. In the Schlei fjord, northern Schleswig-Holstein, Idothea spp. are also first intermediate hosts of Hysterothylacium sp. (Gollasch & Zander, unpubl.) . It is highly probable that nematode larvae found in the plankton of the Lfibeck Bight (Zander et al., 1993 ; this study, Fig. 1 ) could also be Hysterothylacium sp. larvae. Koie (1993) showed that L3-1arvae of this parasite first infest several benthic and planktonic crustaceans and are then transferred to the next hosts, invertebrates and fishes.
The transmittance of tapeworm larvae from the first (copepods) to the second :intermediate hosts (fish), depends first and foremost on the ways of life of the respective goby species. Whereas Gobiusculus flavescens forages on plankton during its whole life, only P. minutus among the Pomatoschistus spp. has a longer pelagic phase until reaching a size of 30 mm (Zander & Hagernann, 1986) . The abundance analysis of prey in 1989 and and gammarids, by sand gobies; whereas isopods were less exploited. P. pictus fed on smaller crustaceans -as indicated by the selection of smaller gammarids and greater quantities of Jaera and, in particular, calanoids.
A lot of factors may influence the life cycles of parasites, as was demonstrated in the eel-nematode Anguillicola crassus (De Charleroy et al., 1990) . Prevalences of several hosts within the respective cycles were considered e.g. Podocotyle atomon (McKenzie & Gibson, 1970) , or Cryptocotyle concavum in Pomatoschistus microps (Zander et aL, 1984) .
Size selection concerning intermediate hosts may only be important for parasite transfer, when size differences of prey and predator are moderate, as is the case between gobies and gammarids. In the case of great differences, e.g. between gobies and copepods or birds and gammarids, the real IPs simply imply the prevalences because size selection is irrelevant. This applies to the transmittance of tapeworms to gobies, and probably of microphaUid flukes to birds (see Figs 3-7) .
The minimal quantity of parasites transmitted from one host to the next seems to be high, following the results of this investigation. In reality, the quantity must be even larger, because there is a great loss of parasite stages during the developmental cycles. However, in addition to gammarids many other crustaceans can infest fishes with Podocotyle atomon, and Hysterothylacium sp. can be transferred by many invertebrates (MacKenzie & Gibson, 1970; Svendsen, 1990; Koie, 1993; Gollasch & Zander, unpubl.) . The general threat to the existence of a parasite is not being able to infest the optimal host where it can mature. Whereas P. atomon matured in all gobies of the L~ibeck Bight, Hysterothylacium sp. only did so in the larger Gobius niger, but not in small goby species (Zander et al., 1993) . Another danger for parasites is lethal damage to its host by mass infestation. If gobies were able to overcome gammarids larger than 10 mm, the infestation rates would increase even further. Zoarces viviparus specimen which fed on more and larger gammarids in the L/ibeck Bight were maximally infested by 405 Podocotyle atomon and 95 Hysterothylacium sp. (Zander, 1991) . This parasite load may be lethal for small gobies: maximal numbers found were 32 Hysterothylacium sp. in Gobius niger or 130 Podocotyle atomon in Gobiusculus flavescens (Zander et al., 1993) . Thus, it is possible that prey selection can partially reduce the transmittance of parasites to less suitable hosts.
